Peinado AB, Benito PJ, Díaz V, González C, Zapico AG, Álvarez M, Maffulli N, Calderón FJ. Discriminant analysis of the speciality of elite cyclists. J. Hum. Sport Exerc. Vol. 6, No. 3, pp. 480-489, 2011. The different demands of competition coupled with the morphological and physiological characteristics of cyclists have led to the appearance of cycling specialities. The aims of this study were to determine the differences in the anthropometric and physiological features in road cyclists with different specialities, and to develop a multivariate model to classify these specialities and predict which speciality may be appropriate to a given cyclist. Twenty male, elite amateur cyclists were classified by their trainers as either flat terrain riders, hill climbers, or all-terrain riders. Anthropometric and cardiorespiratory studies were then undertaken. The results were analysed by MANOVA and two discriminant tests. Most differences between the speciality groups were of an anthropometric nature. The only cardiorespiratory variable that differed significantly (p<0.05) was maximum oxygen consumption with respect to body weight (VO 2max /kg). The first discriminant test classified 100% of the cyclists within their true speciality; the second, which took into account only anthropometric variables, correctly classified 75%. The first discriminant model allows the likely speciality of still non-elite cyclists to be predicted from a small number of variables, and may therefore help in their specific training.
INTRODUCTION
The aim of the present work was to determine the physiological and anthropometric differences between different types of cycling specialist, and to develop a multivariate model that can classify and predict the speciality to which emerging cyclists might be best suited. VOLUME 6 | ISSUE 3 | 2011 | 482
MATERIAL AND METHODS
The study participants were 20 male, elite amateur cyclists (sub-23). These were classified in terms of their speciality (i.e., in terms of the roles they played in their teams) by their two trainers (members of the Real Federación Española de Ciclismo; the Royal Spanish Cycling Federation). These particular cyclists fell into the specialities of flat terrain rider, hill climber, or all-terrain rider. When there was any doubt regarding their assignment (which was the case in <10% of the sample) a third trainer was asked to provide an opinion.
All cyclists were informed verbally and in writing of the characteristics of the tests they would undergo, their aim, and any associated risks. All gave their written consent to be included in agreement with the requirements of the Declaration of Helsinki Declaration and the World Medical Association for research involving human subjects. The study was approved by the ethics committee of the Universidad Politécnica de Madrid.
Nine anthropometric and 14 cardiorespiratory variables were recorded for each subject during a single visit to the laboratory. All were recorded by the same person. The anthropometric measures were: body weight, height, six skin fold thickness (triceps, subscapular, abdominal, suprailiac, thigh and calf), three diameters (femur bicondylar, radius biepicondylar, and radius bistyloid), and three circumferences (contracted arm, thigh and calf). All measurements were taken following a standardised procedure (Lohman et al., 1991). The data recorded were used to calculate some of the anthropometric variables (see table 1 The cardiorespiratory variables were measured during a spirometric test and an incremental exercise test. Both tests were carried out with a Jaeger Oxycon Pro ® gas analyser (Erich Jaeger, Germany). Standard procedures for spirometry (Quanjer et al., 1993) were followed. The incremental exercise test was performed using a Jaeger ER 800 ® cycloergometer (Erich Jaeger, Germany) adjusted so that each subject could assume his normal riding posture. After spending one full minute sitting still on the saddle, the subjects warmed up for 3 min at a load of 50 W. This load was then gradually increased (in a continuous manner) by 25 W·min -1 while the subject maintained a pedalling rate of 70-90 rpm (Lucia et al., 1999; Lucia et al., 2000; Lucia et al., 2006). All subjects continued pedalling at this rate until they could no longer do so. The criteria of Basset and Boulay (2000) were used to confirm that the test had been undertaken at the maximum level of exercise possible. Gas exchange was monitored continuously during the incremental exercise test using a Jaeger Oxycon Pro ® gas analyser (Erich Jaeger, Germany). , and was calibrated before and after each test according to the manufacturer's instructions. Fifteen second means were determined for use in later analysis. VO 2max , maximum carbon dioxide production (VCO 2max ), maximum ventilation (V Emax ), maximum heart rate (HR max ) and W max were measured. The ventilatory thresholds (VT 1 and VT 2 ) were determined following the method described previously (Davis, 1985; Gaskill et al., 2001) . At the end of the test, 25 μl of capillary blood were collected from the fingertip and the lactate concentration at maximum load ([La -] max ) was determined using a YSI 1500 ® Sport Analyser (Yellow Spring Instruments Co., Ohio, USA).
Multivariate analysis of variance (MANOVA) was used to detect significant differences between specialities. When these were detected a post hoc Scheffé analysis was performed. Two discriminant analysis (AD) (enter independent variables together) were used to determine which variables best distinguished between the different specialities and to seek an equation that would predict the speciality to which a cyclist might be best suited. In the first (AD1), all 23 variables recorded were included, while in the second (AD2) only the nine anthropometric variables were included. All calculations were performed using SPSS v.13 software for Windows ® (SPSS, Chicago, IL). Significance was set at α<0.05. Tables 1 and 2 show the means and standard deviations (SD) of the anthropometric and cardiorespiratory variables recorded for each speciality, as well as the results of the MANOVA test. The latter showed no significant differences between the three specialities (Wilks' Lambda=0.006, F=0.703, p=0.745), although some differences between the anthropometric and cardiorespiratory variables were seen in univariate analysis (Tables 1 and 2 ). The body weight, muscular mass, residual mass and BMI of the flat terrain and all-terrain riders were significantly greater than those of the hill climbers ( Table 1 ). The only cardiorespiratory variable to differ significantly was the maximum oxygen consumption relative to body weight (VO 2max /kg), which was significantly greater among the hill climbers (Table 2) . VOLUME 6 | ISSUE 3 | 2011 | 484 AD1 initially involved all 23 variables recorded, or which 10 were eliminated by the procedure during the analysis. Table 3 shows the standardised coefficients obtained for each variable in the two discriminant equations (DF) provided by the model. According to these equations the most important variables in DF1 (p<0.05; Table 3 ) for predicting the speciality of a cyclist are relative weight, percentage of the maximum oxygen consumption corresponding to the ventilatory threshold 1 (VO 2 VT 1 ), V Emax , body weight, forced vital capacity (FVC) and height. AD1 successfully classified all our subjects (100%) into their true speciality group (Figure 1 AD2 only took into account the nine anthropometric variables, of which the procedure discounted four. Table 4 shows the standardised coefficients for each of the five variables finally included; body weight, height and BMI showed the most discriminating power. Of the two DFs obtained, only the first was significant (p<0.05) ( Table 4) . On the whole, AD2 was able to correctly classify 75% of the subjects; 80% of the hill climbers were correctly classified, but only 66.7% of the all-terrain riders. Figure 2 shows the distribution of the groups. The non-standardised coefficients for DF3 (p<0.05) allowed the following discriminating equation to be developed: The present discriminant models suggest that it is possible to predict the speciality that a cyclist might best be able to develop. AD1 correctly classified all of the present subjects. Some of the variables that showed no significant differences between the three speciality groups in the MANOVA had high discriminating power in this model. AD2 involved only anthropometric variables, among which the greater part of the differences between the specialists were found; such anthropometric differences between specialists have also been reported in other sports (Leone et al. 
RESULTS
SPECIALITY=
CONCLUSIONS
We present a model that could be used to predict the speciality of a cyclist from a number of anthropometric and physiological variables. This could be employed to orientate the training of cyclists towards a speciality, but could also be of use in improving performance in deficit areas. Further studies are required to construct models that include sprinters and time trialists.
